Background: Lipid and glycemic abnormalities are prevalent in diabetes leading to long term complications. Use of safe and natural foods instead of medications is now considered by many scientists.
cluding Iran. It is used for the treatment of diseases such as arthritis, rheumatism, diseases of the nervous system, inflammation of the gums, tooth pain, asthma, constipation, and diabetes for more than 2,500 years in traditional medicine (8) .
Volatile oils and non-volatile pungent compounds are the main chemical constituents of ginger rhizome (9) . The volatile oil constituents of ginger are composed of sesquiterpene hydrocarbons, mainly zingiberene (35%), curcumene (18%), and farnesene (10%), with a small amount of bisabolene, b-sesquiphellandrene, and monoterpenoid hydrocarbons (10) . The non-volatile pungent contains biologically active components, such as gingerols, shogaols, parasols, and zingerone, which produce a "hot" sensation in the mouth (10) , and are known to have antiinflammatory, anti-diabetic, antioxidant, and anti-cancer activities (11, 12) .
There are scientific evidences about the effects of ginger on fasting blood sugar and lipid profiles. Mahluji et al. (2013) reported that the consumption of 2 g of ginger in patients with type 2 diabetes for 2 months reduces insulin, homeostasis model assessment (HOMA), Triglyceride (TG) and low-density lipoprotein (LDL), with no impact on Fasting Plasma Glucose (FPG), HbA1C, total cholesterol, and HDL levels (13) . Moreover, Bordia et al. (1997) showed that the consumption of 4 g of ginger powder for 3 months has no significant change in healthy subjects, or patients with cardiovascular disease (CAD) or patients with type 2 diabetes with or without CAD (14) .
Due to conflicting findings, the aim of this study was to determine the effect of ginger consumption on blood glucose, HbA1C, and lipid profile in patients with type 2 diabetes.
Methods

Study Population and Intervention
This double-blind placebo-controlled trial study was performed on patients with type 2 diabetes, who were referred to Ziaeian hospital of Tehran. Patient recruitment was started in June 2015 and ended in January 2016. All of the 50 males and females with type 2 diabetes were enrolled. No matching was performed in this study. The randomization methods for assigning patients to intervention and control groups were "permuted randomized block design". The sample size was calculated in order to detect 15 mg/dL difference in mean fasting blood sugar due to ginger supplementation. Statistical power was considered as 0.90 and α = 0.05, and sample size was estimated as 21 in each group (8) . Fifty patients with type 2 diabetes (30 to 60 years old) were included after the baseline assessments. Inclusion criteria were presence of type 2 diabetes between 1 and 10 years, treatment with oral hypoglycemic medications, and body mass index (BMI) between 18.5 and 35 kg/m 2 . Exclusion criteria were considered as pregnancy and lactation, usage of tobacco or alcohol, autoimmune disorder, cardiac ischemic or renal disease, thyroid or chronic inflammatory disease, regular consumption of ginger or other herbal medications or consumption of supplements such as vitamin C, E, and omega-3 during the 1 month prior to the study, consumption of less than 90% of ginger capsules, self-reported sensitivity to ginger consumption, and change of patient's routine treatment.
After attending the orientation session and fulfilling written informed consent papers, the patients were randomly allocated to 2 groups receiving ginger or placebo. People in the intervention group consumed 2000 mg of grinded ginger and the control group consumed placebo capsules containing wheat flour. Two 500-mg capsules were taken before lunch and 2 before dinner, daily for 10 weeks. All patients in the 2 groups were permitted to consume their routine medications according to their physician's recommendation. The patients were advised not to change their regular diet or physical activity during the study period. Patients were informed about the benefits and possible risks of the study and were free to withdraw from the study at any time during the trial for any reason. In the follow-up period, patients were phoned once a week to increase their adherence to the study protocol. During the intervention, 2 patients in the ginger group (1 due to unwillingness to cooperation, and 1 due to starting insulin therapy) and 3 patients in the placebo group (1 due to unwillingness to cooperate, 1 due to travel, and 1 due to gastrointestinal intolerance) were excluded from the study. This study was approved by the ethics committee of Tehran University of Medical Sciences in advance by IR TUMS.REC.1394.38 number and was registered at ClinicalTrials.gov with reference number NCT02666807.
Supplement Preparation
Supplements were purchased from Bou-Ali Sina Co. (Ghom, Iran). Placebo capsules were prepared in the same appearance by Bou-Ali Sina Co. (Ghom, Iran).
Measurements
Body weight was measured in the fasting state with light clothing and no shoes using a Seca scale (Seca, Hamburg, Germany). Height was measured without shoes using a stadiometer attached to the scale. Body mass index was computed as weight divided by height squared (kg/m 2 ). Blood pressure was measured by a digital sphygmomanometer (SANITAS, Germany) after a 15-minute rest 2 Int J Endocrinol Metab. 2017; 15(4):e57927.
in sitting position. Daily intake of energy, macronutrients, and fiber were estimated using 24-hour dietary recall questionnaire for 3 days at the beginning and the end of the intervention. Nutritionist IV software version 3.5.2 (the Hearst Corporation, San Bruno, CA) was employed to analyze 3-day averages of dietary recall data. The levels of physical activity were obtained through interview with individuals using the International physical activity questionnaire (IPAQ) at the beginning and the end of the study.
Clinical and Biochemical Analysis
Blood samples (10 mL) were taken after 12 to 14 hours of fasting state at the beginning and after 10 weeks of intervention. The centrifugation of the samples was performed at room temperature and at 3000 rpm for 10 minutes to separate serum from blood cells. Fasting serum glucose, TG, TC, LDL-C, HDL, and HbA1c were determined by the enzymatic colorimetric method with commercial kits (Pars Azmun Co., Tehran, Iran) on an automatic analyzer (Abbott, model Alcyon 300, Abbott Park, IL).
Statistical Analysis
The data were analyzed using SPSS version 16 (SPSS Inc., Chicago, IL). Normal distribution of the data was checked using the Kolmogorov-Smirnov test. Independent t test or Mann-Whitney test were employed to compare the 2 groups at baseline and the end of the study. Quantitative data before and after treatment within each group were compared using paired t test or Wilcoxon test. Qualitative data were analyzed using Chi square tests. Data are presented as mean (± SD) and frequency (percentage) for quantitative and qualitative variables, respectively. The significance level was set at P-value equal or less than 0.05.
Results
One hundred and thirty patients with type 2 diabetes were assessed for eligibility before the intervention. Fiftyone people were excluded and 29 were declined before randomization. Fifty patients with type 2 diabetes were randomly assigned to either the intervention (n = 25) or control group (n = 25). The study flow diagram is shown in Figure 1 .
Baseline characteristics of the study participants are reported in Table 1 . There was no significant difference in anthropometrics, blood pressure, and biochemical variables between the groups. Comparisons showed no statistical difference in age, gender proportion, and physical activity at baseline between the 2 groups.
There was no significant difference in dietary intakes of the participants at baseline and after treatment, between the groups (data not shown). Variables after treatment in both groups are shown in Table 2 . In Figure 2 , mean (SE) change of the variables in both ginger and placebo groups are presented. There was a significant decrease of FBS in the ginger group after the intervention (P = 0.002). Meanwhile, the mean variation of HbA1C was similar to that of FBS (P < 0.001).
The researchers did not identify a significant difference in the mean TG, total cholesterol, HDL-C, and LDL-C in the ginger group before and after the intervention, whereas, a significant decrease was found in the LDL/HDL ratio (P = 0.009) due to ginger consumption. However, the mean difference in lipid profile was not significant between the 2 groups before and after the intervention.
Discussion
Results of the present study showed that daily consumption of 2000 mg of ginger reduced FBS, HbA1C, and LDL/HDL ratio in 10 weeks. Oludoyin reduced fasting blood glucose to normal levels as effectively as treatment with anti-diabetic medication, glibenclamide (15) . The mentioned study is consistent with the FBS results of the current study. In a study by Kazeem et al. it was shown that the consumption of 500 mg/kg body weight of free or bound polyphenol extracts of Zingiber officinale for 28 days reduced fasting blood glucose of diabetic rats (16) , which is also consistent with the current study. In another study conducted by Ozougwu et al. (2011) , a dose-dependent significant reduction in the blood glucose, total serum lipid and total serum cholesterol was reported in rats (17) . Al-Amin et al. (2006) also demonstrated that 500 mg/kg aqueous extract of raw ginger causes a significant decrease in serum glucose, cholesterol, and triacylglycerol levels in the ginger-treated diabetic rats, therefore, being in line with the FBS results, yet inconsistent with the results on lipid profiles (18) . Another research indicated that consuming 1600 mg of ginger for 12 weeks, significantly reduces fasting plasma glucose, HbA1C, insulin, HOMA, triglyceride, and total cholesterol compared to the placebo group, however, there were no significant difference in HDL and LDL (19) . This study is in the same line with FBS, HbA1C, HDL and LDL results, yet, inconsistent with the current results on triglyceride and total cholesterol. Bordia et al. (1997) reported that the consumption of larger dose of ginger (4 g of ginger powder) for a longer time period (3 months) was not effective on lipids or blood sugar in patients with coronary artery disease (CAD), or diabetic patients (with or without CAD) (14) . Contradictory results in the current study with these studies may be due to dif- Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA1c, glycosylated hemoglobin; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol ferences in the response of patients, differences in the duration of diabetes, the dose of intervention or type of supplements. Most articles did not mention the type and dose of patient's lipid lowering medications.
However, the exact mechanism is unknown; some mechanisms are suggested as ginger lowers blood sugar. In one study, the anti-diabetic activity of ginger has been shown to be associated with its pungent gingerol principles. In this study, the extract of Zingiber officinale, Roscoe enhanced glucose uptake in rat's skeletal muscle cells. Gingerols from active ginger fractions promoted skeletal muscle cell glucose disposal that was associated with an increased expression and translocation of GLUT-4 glucose transporter to the plasma membrane of the cells (12) . This translocation of the GLUT-4 can effectively clear the glucose from the serum. Influencing on the key enzymes of carbohydrate metabolism is another probable impact of ginger that reduces blood sugar. In another study, daily administration of 500 mg/kg of an aqueous ginger extract decreased blood glucose levels in streptozotocin-induced diabetic rats (20) . This study showed that ginger increases muscle and liver glycogen stores by enhancing the peripheral utilization of glucose in the diabetic rats and limits the gluconeogenesis in the liver and kidney similar to insulin (20) . Rani et al. (2010) suggested that phenolic compounds of ginger, gingerols and shoagols, inhibit the key enzymes relevant to type 2 diabetes management, such as α-glucosidase and α-amylase (21) . It was also reported that 6-gingerol enhances insulin-sensitive glucose uptake at adipocytes (22) .
One of the strong points of the current study is the high percentage of patient's adherence to the study protocol. However, this study had some limitations. First, the supplementation period was short. Second, frequent inclusion criteria hampered the disease finding process with many difficulties and no matching procedure was performed. Third, taking lipid-lowering medications was Int J Endocrinol Metab. 2017; 15(4):e57927. 5 not controlled in the patients because it hardens the recruitment of the subjects. Further investigations with a longer duration, variable doses of ginger in a dose dependent study protocol and also lipid-lowering medications control are needed to evaluate the effect of ginger supplementation on glycemic index as well as lipid profiles in type 2 diabetes.
All these evidences show that a medium dosage of the ginger, which is applicable by a simple dietary manipulation, could modify glycemic and lipid status in experimental animals as well as human subjects. This shows the importance of food factors and dietary changes in control of diabetes. These dietary approaches could be used as complementary therapy, yet, not alternative therapy.
Conclusions In this study, oral ginger supplementation decreased the levels of FBS, HbA1C, and LDL/HDL ratio in subjects with type 2 diabetes mellitus with no effect on other lipid profiles.
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